Sanitized Copy Approved for Release 2011/06/08 : CIA-RDP81-00280R001300170014-6

STAT

0\0
<

Q°°0

Sanitized Copy Approved for Release 2011/06/08 : CIA-RDP81-00280R001300170014-6



Sanitized Copy Approved for Release 2011/06/08 : CIA-RDP81-00280R001300170014-6 STAT

-

PROCESSING QF M"
Xohassati Lapok [Metallurgical Academician
JWJ._W)F!, Mo 12, Pootor Lasslo Gillemot
December 1955, Bucapest, I .

Pages SLB-553

l. Introduction

For the production of titanium either the sc-called Fast,
rkel, and de Fosr iodide method or a modified Kroll method is used
in Hungary. It is well known that titanium produced by the decom-
position of titaniumtetrsiodide is very pure, while titaniua produced
by the Kroll method or by one of its aodifications slweys contains
impurities of oxygen, hydrogen, nitrogen, and iron. The properties
of the 2 types of titanium therefore cannot be considered identical
either with regard to hardness or from a technological point of
view. Only titaniuws produced by the iocdide method can he considered
titanium metal. Titanium produced by the Kroll method is alwuys ~
an alloy, at bast with only very smsll yuantities of the alloying ’,

' sudstances.

Acoording to expert opinions in the literature the hardness
of ‘itanium itself gives some infcramution about the gquantities of
injurities it contains. Various authors have investigated the

rvlatiorsship between impurities and ths hardness of the metal.

Figure 1, based on data by Jaffe and Campbell, illustrates
t. effect of oxygen, hydrogen, nitrogen, and iron on the hard-
re+3 of titanium. In the Kroll method the quantities of impurities
depend very largely on the purity of materials used, on the siructure
of the reactor and progress of the reaction, and on the method of

processing the formed titanium sponge.

™~
~
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Yor the procassing of the titanium sponge today 2 methods
appesr to be ava’ iwe One in tho sunealine in high veomum of
all the products in the resctor, i. e., of the titanium, the re-
maining magnesium, and magnesium chloride; the titanium can than
be fresd from excessive magnesium and magnesium chloride by means

of distillation.

The other method is the wet processing method by which the
magnesium chloride can be eliminsted with water and the magnesium
retal dissolved with dilute hydrochloric acid. Titanium produced
by distillation is auch purer, since titanium purified bty ths wet
method is more apt to be contaminated with oxygen and hycrogen.

The Yroll method thereforse alsc gives us 2 qualities which must

be considered after procassing: titanium powder produced by the
wet method and titanium sponge produced by anrealing., The haror-
of titanium purified by washing ia 190-250 Prinell, while the hard-

ness of vacuum distilled titanium is 130-190 depending on the purity.

The question becomes even more coaplicated when the quality
of the titanium sponge ies examined within esch reaction. According
%0 Wartxzann, Baker, Nettle, and Hoams 4 sones can be distinguished
in the resctor (Figure 2). The purest is the o 1 section, whils
nos 2, 3, and 4, in that order are progressively more contaminated.
The suthor's explanation is that the part oy titanium which is in
direct contact with the iron container, and ths first formed
titanium sponge absorb all the magnesium impurities and so the No 4
portion is gensrally most contaminatid. This gradually diminishes
through the No 3 and 2 sones toward No 1. Thers is a difference
of slmost SO £ betwewn the hardness of the material processed

irom titanium sponge from sone No 1 and sone No 4.

Sanitized Copy Approved for Release 2011/06/08 : CIA-RDP81-00280R001300170014-6



Sanitized Copy Approved for Release 2011/06/08 : CIA-RDP81-00280R00130017001 4-6

The processing of the titanium sponge produced in the reastor
can be dons in 2 different wayw: either the whole content of the
resotor has to be howogenised during processing, wvhich produces a
medium quality; or the Mo 2, 3, and 4 qualities will have to be
processed separately, possibly mixed with some No 1 titanium sponge
to produce exactly the type of alloy required. Such separation of
the sponge is only practical in case of large reactors, but for

this very resson it is an important question in case of industrial

production.

Titanium produced by the reacgtor will therefore inevitably
te contaminated by gases snd iron, and will have properties very
different from pure titanium. Bncause the quantities produced by
these methods are sufficiently large, it is important to consider
the posaidilities of thedr industrial use, s well as the question
aof the type of alloy that would be produced if the whole content
of the reactor were to be processed as a homogeneous unit. As far
as quality is concerned, 3 different titanium Qualities can Le
considered depending on ths method of production. In the order
of diminishing purity they ars the following.

l. Iodide titanium

2. Mo 1 quality of the Kroll reactor

J. No 2 quality of the Kroll reactor

The Quality of products nos 2 and 3 will again be different
regardless of whather ths spongs has been processed with vacuum
distillation or by washing. 4s a result thers is a wide -ariety
of titanium products with varying industrial possibilities lLetween
the approximate 80 B.h. of iodide titanium and the approximate

250-260 B.h. of tha sscond quality and wet proceased Xroll sponge.

-
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All typez 'sovever have one common reguirement, i.e., they can be
molded cold. Therefore she question arises ss to how the lodide
titanium and the various titanium sponges of the Kroll reactor
should be processed to give them the ductility necessary for

mnamifacturing.

Our previous experiments which were submitted to tha committee
of the academy in 1952, und also later data in the literature indicate
that titanium of identical purity will exhibit different hardness
properties depencing on the degree of molding and the heat trestmsnt
to which 1% is subsequently subjected. Further investigation of ths
question will also show vhat hardness alone is no proof of ductility,
and with proper heat trestment comparaiively harder -- and thexefors
more contaminzted -~ tyres can be molded into very ductile material

which is tound to meet industrial requirements.

In the experiments, the description of which follows, 2 types
of titanium were used: ons, which was produced ty the iodids method,
had a B.h. of about $0, while the other type, which was produced

by ths Kroll method, after tempering, had a B.h. of about 225.

2. Description of the expariments

The titanius sponge produced by the Kroll method was purified
by washing and acid trostment from the byproducts cf the resction.
The resulting titanium powder was pressed into a cylindrical stesl
casing vith an 80 mm diameter and height of 120 ma. The mouth of
the iron casing having been sealed airtight by welding it was
annsaled at $00° C for 2 hours and then hammered into a sheet of
20 mm thickness at the zame tampersture. Alter hot rolling the
materisl was tempered sgain and the iron casing removed, whersupon

the materiazl wss processed further at rooa temperature and at 3009 ¢,

-y -
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The titanium iodide which vas in the form of a thresd with
a 66 mm diemeter wes rollsd cold to s ribdon and tempered for 1

hour at 7009 C,

At & result of the sxperiments fxom the atove starting
materials 3 sets have been prepared: Kroll-titunium rolled a: room
temperaturs, the same rolled at 300° C, and lodide titaniuu rolled
cold. The purpose of the experiments was to determine ths formation
of ths granules as a funoction of the molding tempersture and the
annealing temperature which followed, as well as to clarify the
relations between the temperature of tampering, its duration, and

the degree of the cold molding.

The measuraments of gramuls sizes ss & function of molding
and tempering have always been based on l0-hours annealing periods,
becauss sxperience in the production of semifinished titanium
articles has taught that more than 10 hours of heating are ssldom
raquired. Fhotomicrographs indicate that after 10 hours recrystalli-
sation has not yet been completed. Therefore the diagrams of Figure
3 do no% show complete recrystallisation, tut from a practical point

of view they may give some useful informaticn concerning conditions

during industrial annsaling.

Figure 3 a indicates that ifodide titanium aore readily tends
1o develup coarse granules than Xroll titanium. The gramule sise
of Kroll titanium betwsen 600° and 850° appears to be practically
independunt of the degree of temperaturs and molding. Stronger
growth oi granules is only noticeatle at $00° C, at which tempersture
the largust sise gramules are visidble in the areas of 5-10% cold

mldin‘o
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Todide tisantium bewhaves subetantially the same way.

Mioroscopic investigations at 500° and 550° indicate that 10
hours of arnsaling st thess temperatures did not quite obliterate
the originul structure as can be seen in figures 4 and 5. Figure
4 was prepared after 10% cold molding and 10 hours of annealing at
S00° C, while Figure S5 was prepared after 33% cold molding and
10 hours of annealing at 500° C. Whils in the case of 10% cold
molding recrystallisation was already completad at 500° C, the 10
hours of annealing after a 35% cold molding still lsave ths charac-
teristic structure of tha oold molded texturs. According to micro-
scopic investigations the lower limit of recrystallization in case
of 10 hours of armealing therefors liea between S50° and 600° C
depending on the degree of molding.

No appreciable difference can be cbserved in the sise of the
gramiles betusen experiments molded at 300° C and at room temperature.
It therefore can be established that molding rerformed below the
lower teaperature limit of recrystsllizstion has no effect on the

size of the gramules.

Ths depencince of the tempering temperature and time on the
degree of molding for locdide~titanium and Xroll-titanium ix shown
in figures 6, 7, 8, and 9. While the deformation graph indicates
that the tempering of iodide titanium for ¥ hour betwsen 500° and
&00° results in a lowering of hardness, s considerabls degres of
hardness still remsins in comparison with the greater molding.
At 700 and 800° C considsrable tempering alrsady takes place with-
out it beiny possible to attain the original condition of 90 Brinelles
aoftneas. After tempering at 900° C - definite hardening can observed.
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Tempering for 1C hours yields similar results. Nere also the
tempering is done by annealing between 700 and 800° C, whils at
900° C renswed hardening can be observed.

Tempering experimenta with Kroll titanius produce similar
disgrams, in which the hariness values are always higher during
voth ¥ hour and 10 hours of tempering aftor annealing at 900° c,
than sny values measured at 700-800° C. The character of temper-
ing of Xroll titanium summarised is shown in Figure 10. In accordance
with the graphs for the determination of granuls sises, lowering of
hardriess starts at 550° C. At 680° C complete tempering takes place

in ¥ hour, while tempering at 900° C leads to increasing hardness.

It can be established thersfore that for tha tempering of
Kroll titanium 680° C should be considered the lower temperature
limit. In cass of annealing sbove 680° C one should distinguish
betwesn tempering in tha field, above the transformation teape-

rature, or betwesn them.

Therefore, in the following detsrmination of data about
strength and slongstion we have conducted 2 kinds of hsat treatments
about 680° ( and temperstures above the transformation. Tabls 1
ashows the values for iodide titanium. The table gives average values
of the test materials tempered after 5,15,25, and 358 cold molding.
The rsported data confirm the statement bty Jaffe, Holden, snd Opden
that the strength and limits of fluidiiy of pure titanium diminishes

with the coarseness of gramules, while the elongation incresses.

-
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Table ..
o ot -
Mat Treatm i kefrioq . lghmpq - - 5%

“esn 1red ir Lw conditd ..

T the = -

phase withsnit previous

cold molding or heat treatment 36.3 26.0 19.7
Aftar cold molding ten-

pered for 1 hour at 750° C 35.3 27.2 19.7
Aftar cold molding tem-

pered at $00° ¢ for 1 hour 36.1 23.6 32.6

The data of the Kroll titanium varied a great deal depending
on the heat treatasnt the material received before. The original
material of 225 Brinell har¢r 's cold rolled and tempered at any
temperature above the softening point, but below the degrees
between - -° transformation teasperature gives the following average

figures: g = 73 kg/sq mm, > 63 kg/sq mn, .,s - 5,3%

Table 2.
Heat Treataant kj-’ kg;nz -—51 ::/-2

After cold molding tem-

>ered below - transfor-

mation € 73 5.3 225
20 hours at 7€00 C 4.

Yacuum 73.6 81.5 13.8 225
10 hours st $0U° C i1

vaguum 75.5 83.6 9.5 260

1
v e
L]
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Table 2 shows the sxperimsnts to reduce ths nitrogen content
by hea’ing for 10 hours at 750° C and $00° C. As the table indicates
contimued heating in the - fisld hardens Kroll titanium considerably
and the elongation is also worse than vhen heated in the - field.

The elongation is considersbly increased by heating for 10 hours in

s vasuum, tut this does not materially change its strength. It is
intervsting tnat the m..urial heated fcr 10 hours in a vacuum at $00° C,
in spite of its greatsr hardness ahows better elongation than the
material which was not sutjected to such heat treatment but only to
normal tempering. Materials ‘wated in such mammer for 10 hours at
750° ¢ or $00° ¢, cold molded and tempered again in the - field for

1 hour at 700° C, and material heated for 10 hours at $00° C, cold
rolled and tempered for 1 hour at 700° C gave the following data for
strength: = 63.7 kg/sq ms, 7 = 78.8 kg/sq ma, ‘- 178

Matarial tempered for 10 hours at 750° ¢ gave about the same strength

datz, Lut there was no furthsr increase in slongation.

The described phonomenon can be explained in the following
manner. Prolonged heating in a vacuum at high temperature will
materlally reduce the hydrogen content of titanium, and the higher
ths tecperature and the .onger the time of heating the greater will
be the recuction. From .n operational standpoint it is adviaatle
to perform this hesting -n the field, but when it is likely that
the impurities which s.. normally present in Kroll-titanium will
g0 into solution, an ir sace of hardness and certain reduction of
elongation will taks pl.re. This followed iy cold molding and tem-
pering in the field will give the best possible strength.
crove Low favorable is the strength obtained in such mamner it should
be mentionad for the sakm of comparison that the elongation of

-9 -
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iodide titanium 00ld rolled to about the save strength is practi-
cally O, while Xroll titanium whioh contains fmsmivietes of avesen.
nitrogen, and iron btut i free of hydrogen and is hest tresated in
the propsr mamner even st & strength of 72 kg/sqQ ma will show an

elogation of 17%.

In the experiments comparing the dsta for hardness and
tensile strength both for iodide titanium and Xroll titanium the
equation - = E:';& can be taken as & basis. As & measure of the
resiotance to molding the data for hardness can therefore be taken
as & rough guide. The changes in hardness as functiona of teape-
rature can be seen in Figure 1ll. Ths hardneas of iodide titanium
as 8 function of temperature decreases more slowly than that of
the Kroll titaniurm. In case of lodide titanium molding at a higher
tamperaturs therelore is not as sdvantageous as with Kroll titaniua.

The resul%s can be summerised in as follows.

l. BEsses on thes submitied diagrams it can be establishad
that, depending on the degree of purity, the most sultable tempe-
rature for tempering titaidum is 680° C anc the degrees betwsen
the - transformation tempersture. In case of unlike Xroll
titenium contaminated with oxygen, nitrogen, and iron impuritiss
iodide titanium tempering in the - fisld will produce the best

-

elongstion data.

2. Hot molding iodide titanium does not offer any particular

advantage and, in view of the oxydation at a higher teaperature,
cold rmolding is the wost yractical method for iodide titanium provid-

ad it followed Ly tempering in the - field.

- 10 -
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3. Xroll titanium definitely has o be tampered after hot
molding, because during the relatively short hot molding fulltSem~
pering does not take place. Yor ths reduction of the hyurogen
content the tempering should be kept at 900° C for 10 hours.

This has to be followed by celd molding and afterwards by temper-
ing at 680° C, or at the transformation tamgerature.

Le Since Kroll titanium is only cold molded, the dehydrogena-
tion temperaturs has to be belovw the transformation tempsrature.

S. Cold molding of Kroll titanium can take place from raoom
tomperature up to the lower limit of tempering temperature. This
is advisable to redvce resistance to molding; but observation has
shown that in the csse of articles procduced by powder metallurgy
the molding temperature must not bes over 500° C, because of presence
of magnesium, since otherwise cracks will develop. There is no such

limitation for articlea produced by casting.

Therefore, in summery,the heat treating and processing tech-
nology of the clean iocdide titanium and the mare contexinated Xroll
titanium diffcr very considerably; while lodide titanium yie.ds the
best results when subjected to cold molding and tempering in the

field, the best processing method for Kroll titanium is hot mold-
ing, dehydrogenating amnealing in the - field, followed by cold
molding and tempering above the softening point but still in tha
- field. If during the processing cold molding is not requirsd the
dehydrogenating annealing after the hot molding has to be done in

the ™ fiela,

JeSs.Umansski],Ludislaw Jenicek, and N.P.Ssarssin also spoke

on the subject.

- 1] -
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